Theories regarding texture transition mechanisms of brass alloys and its critical deformation level of when the change of texture transition occurs are still in debate. Previous observation showed that copper type texture dominantly formed at high temperature process whereas brass type texture tended to occur at low temperature. In contrast, another research observed the occurrence of copper type texture at low strain level while higher strain level resulted in brass type texture. Thus further research is needed to affirm one that well-satisfy the actual texture transition phenomenon. In this research, Cu-Zn-xBi alloys were produced by gravity casting process using pure Cu and Zn ingots with varied Bi addition of 0.2, 0.4, and 0.8 wt. %. As-cast samples were homogenized at 800 o C for 2 h in a muffle furnace. The samples were then cold-rolled with the level of deformation of 20, 40, and 70 %. Characterization includes chemical composition analysis, microstructure observation, hardness testing, and texture measurement. Results showed that addition of Bi prompted Bi-rich dispersoid phase which segregated inside the grain and along the grain boundary in globular forms. Slip was dominant at 20 % deformation level and its density increased with the addition of Bi. At 40 % deformation, twinning replaced slip as the predominant mechanism. The twin density increased with higher Bi content. Further deformation at 70% produced shear bands and flattened the Bi dispersoid phase. Greater Bi content induced the formation of shear band. At 40% deformation, pole figure images show the trend of copper type texture with orientation of {112} <111> with intensity of 7.92. This texture was formed by mechanical twinning during deformation process. At 70 % deformation, samples illustrated the combination of brass and Goss type texture at orientation of {110} <112> and {110} <001> due to the shear band.
Related content
The texture development of ECAP processed AA1050 aluminum, before and after a final anneal: effect of the initial texture M C V Vega, B H Piva, R E Bolmaro et al. Metal forming process has to be accompanied by good formability of material, particularly those done in high deformation level. Formability is highly influenced by substantial factors such as solid crystal type, grain size, alloy composition, stacking fault energy (SFE), and texture [1] . SFE has a significant effect to deformation mechanism, in which metals with medium and high SFE tend to undergo slip mechanism during deformation while on the other hand metals with low SFE experience twinning mechanism other than slip [2] . SFE level also influences the texture formation of metals. During deformation process, metals with high SFE tend to form the copper and S type texture with crystal orientation of {112} <111> and {123} <634>, respectively, which resulted from the slip mechanism during deformation. In contrast, a research showed that metals with low SFE tended to configure the copper type texture at low deformation level that at higher deformation level would rotate and change to brass and Goss type texture at the orientations of {110} <112> and {110} <100>, respectively [2] . Presently existing theories regarding texture transition mechanism and critical deformation level of when the transition occurs in brass alloys are still left in discussion. Hu et al. [3] stated that copper type texture was dominant to form at high temperature process, whereas brass type texture occurred at low temperature. Leffer [4] observed that copper type texture happened at low strain level, further, brass type texture occured at high strain level. Furthermore, Wasserman [5] found that copper type texture promoted by slip mechanism, on the other hand, brass type texture supported by twinning. Carstensen et al. [6] found that copper type texture start to form at the low deformation level, while a research by Hirsch et al. [7] showed that the texture transition begin at 50 % deformation level in which SFE acted predominantly. Verma et al. [8] then stated that texture transition started to form at the deformation level of 15 %. Another factor which appears to influence the deformation mechanism and texture transition is the grain size. Decreasing grain size was found to promote the increase in twinning density [9] . Deformation characteristics are also affected by the presence of second phases which act as pinning agents during dislocation movement which then result in the formation of heterogeneous deformationshear bandand local deformation zone around the particles [10] . Brass is a type of alloy with low SFE, ranging from 14 -35 mJ/m 2 depending to its Zn content [11] . Higher Zn content results in lower SFE value. Brass alloys have a decent combination of strength and ductility, thus are widely used for applications requiring high mechanical properties such as munition cartridge cases [12] . Addition of alloying element on brass is aimed to improve their physical and mechanical properties that highly depend both on the base alloy composition and the type and amount of alloying element. Previous research showed that the addition of 0.3-2.0 wt. % Si on Cu-10Zn and 0.1 wt. % Co on Cu-10Zn-1.5Si alloy refined the grain size, increased the strength and hardness, while reduced the elongation of brass alloy [1] . Similar grain refinement was found by the addition of 0.1 wt. % Bi to Cu-30Zn, however no significant effect was found on the mechanical properties [13] [14] [15] . This research was intended to comprehend the effect of Bi on the microstructures, deformation characteristics, and texture development of Cu-29Zn alloy.
Experimental Methods
The Cu-29Zn-xBi (wt.%) alloys were produced by gravity casting at pouring temperature of 1150 o C, using pure Cu and Zn ingots, as well as Bi ingot as feeding materials. Bi addition was varied to 0.2, 0.4 and 0.8 wt. %. The metal was melted in a crucible and cast into a 600 o C preheated metal mold with the dimension of 110x110x6 mm 3 . After casting, the alloys were subjected to homogenization treatment at 800 o C for 2 h in a muffle furnace cooled in air. Composition of produced alloys is shown in Table 1 . Speciments were then cold rolled with the level of deformation of 20, 40, and 70 % in multiple passes. Microstructure characterizations were carried out by means of an optical and scanning electron microscopes. For this purpose, samples were prepared using conventional metallographic techniques followed by etching with 10% FeCl 3 solution for 5-10 s. Vickers microhardness measurement was performed at regular interval with an applied load of 300 g and a dwell time of 15 s, in accordance with ASTM E387. Slip and twinning densities were defined as the length of slip and twin boundary lines in unit area and were measured at an optical microscope image with the size of 880 x 680 µm 2 . Texture measurement was carried out on as-rolled speciments using Zeiss Ultra Plus SEM-EBSD (Electron Backscatter Diffraction) with step size and scan area of 1 µm and 1000 x 500 µm 2 , respectively. SEM-EBSD data were then analized using Tango Maps and Mambo Pole Figures sofware to obtain pole figure images. Figure 1 Figure 1 (d-f). From Figure 1 , it can be seen that gas porosities are present in the samples on account of hydrogen mix-up during casting process. The Cu-29Zn alloys with Bi addition show both single phase (α) and Bi dispersoid. The dispersoid are richer in Bi compare to that found in the matrix. This phase is found segregated in the grain and along the grain boundary in globular forms. Bi is completely insoluble in brass thus tends to segregate to the solid-liquid interface during solidification. Figure 3 . At 20 % deformation, slip acted dominantly and the presence of Bi was found to increase the slip density. The slip densities of Cu-29Zn alloys with Bi addition of 0.2, 0.4, and 0.8 wt. % are 33x10 -3 , 61x10 -3 dan 91x10 -3 µm -1 , respectively (Figure 3 ). Bi atoms acted as pinning agents during solidification which inhibited the movement of atoms and resulted in smaller grain size. During deformation, Bi atoms interfered with the slip so that increased the slip density. At 40 % deformation, twinning replaced slip as the predominant mechanism and its density slightly increased with the presence of Bi. The Bi dispersoid retarded the homogeneous deformation and promoted inhomogeneous deformation [16] . Further deformation at 70 % produced shear bands and flattened the Bi dispersoid. Greater Bi content was then found to induce the formation of shear band. Figure 4 shows the effect of Bi content and deformation level on the hardness of Cu-29Zn alloys. The figure shows that the increase of Bi content have no significant effect on hardness. Meanwhile, the alloy hardness increased with the increase in level of deformation caused by strain hardening. Figure 5 (a-i) illustrates the EBSD images of Cu-29Zn, Cu-29-0.4Bi, and Cu-29Zn-0.8Bi alloys after cold rolling with deformation level of 0, 40, and 70 %. These images were obtained from analysis using Tango Maps software in which different colour indicated different crystal orientation. Figure 6 (a-i) shows the pole figure images that obtained from analysis using Mambo Pole Figures software. From Figure 6 (a,d,g) , it is clear that the addition of Bi on Cu-29Zn alloy has no significant effect on homogenization texture in which all samples showed the random texture. At 40% deformation, pole figure images ( Figure 6 (b,e,h)) show different pattern when compared with the homogenized samples. They showed the trend of copper type texture with orientation of {112} <111> with intensity of 7.92. This phenomena is similar with previous observation found by Duggan et al. [17] and Hutchinson and Ray [18] that Cu-30Zn alloy with 40-60% deformation showed strong copper type texture in orientation of {112} <111>. This texture formed due to mechanical twinning during deformation process. At 70 % deformation, Figure 6 (c,f,i) illustrated the combination of brass and Goss type texture at orientation of {110} <112> and {110} <001>, respectively. At this deformation level, the copper type texture rotated to brass and Goss type texture due to the shear band [18] . Addition of Bi to Cu-29Zn alloys increased the shear band density due to the Bi dispersoid which acted as the pinning agent during homogeneous deformation and increased the inhomogeneous deformation as shear band. The shear band mechanism promoted the formation of brass type texture [18] . 
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Conclusion
The results of the observation can be concluded as follows: a) Addition of Bi to Cu-29Zn alloy promoted the formation of Bi dispersoid which segregated in the grain and along the grain boundary in globular forms. Bi is completely insoluble in brass and thus tends to segregate to the solid-liquid interface during solidification and form isolated particles inside the grain and along the grain boundaries. b) Slip mechanism was dominant at 20% deformation level and the presence of Bi increased the slip density. During deformation, Bi atoms interfered with the slip so that increased the slip density. c) Twinning was found as the corresponding plastic deformation mechanism at deformation level of 40% and its density slightly increased with the presence of Bi. The Bi dispersoid acted as a retardant to the homogeneous deformation furthermore promoted the occurence of inhomogeneous deformation. At 70 % deformation, the appearance of shear band was dominant with flattened Bi dispersoid and filled intergranular space. d) The addition of Bi on Cu-29Zn alloys has no significant effect on the texture of as-homogenized samples texture of which all showed random patterns. At 40% deformation, pole figure images showed the trend of copper type texture with orientation of {112} <111> with intensity of 7.92. At 70 % deformation, all samples illustrated the combination of brass and Goss type texture at orientation of {110} <112> and {110} <001>, respectively. Addition of Bi on Cu-29Zn alloys increased shear band density due to the occurrence Bi dispersoid acting as the pinning agent
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ICMENS IOP Publishing IOP Conf. Series: Materials Science and Engineering 378 (2018) 012015 doi:10.1088/1757-899X/378/1/012015 during homogenous deformation that increased the inhomogeneous deformation as shear band. The shear band mechanism promoted the formation of brass type texture.
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